The authors congratulate recent efforts to collect gender disaggregated child health outcomes data by Inter-Agency Group for Child Mortality Estimation (IGME) and Countdown 2015 as the first step to enable the profiling of gender as a determinant of child health inequity. Nevertheless, if gender is to be mainstreamed as a determinant of child health, future country achievement profiles should require nations to highlight sex disparities in coverage of life saving interventions, especially in countries where girls are known to be subject to discrimination in health care access and outcomes. In other words, it should become the norm, rather than the exception, to report sex-differentiated data for child health indicators. In addition, reporting health interventions
There is need for better quality evidence on the role of gender in child health achievements both globally and regionally.
which have been proven to reduce maternal, newborn and child mortality rates by gender would prove valuable to better realign services and make targeted policy steps.
In response to the challenge of collecting better gender data and developing an effective response, we discuss some of the challenges reported in the literature of researching gender and child health and their potential solutions. We also look briefly at the example of India; one country in which there is evidence of severe discrimination against girls in child health care outcomes, to provide a perspective of the challenge that remains ahead.
RESEARCH ISSUES AND SOLUTIONS: GENDER AND CHILD HEALTH

Data recording
There are major challenges to determine whether improvements in child survival are seen in both males and females. The UN Sex Differentials in Childhood Mortality [5] suggests that " [t] his is due to the inadequate nature of birth and death statistics in most developing countries. In the absence of complete vital registration, mortality estimates for these countries are derived primarily from sample surveys and population censuses, through questions posed to women about the survival of their children. Such estimates can be subject to a great deal of uncertainty due to small sample sizes, as well as biases affecting the consistent reporting of all children."
The problems of data recording and collection have been further complicated by use of different surveys over different time periods and non-systematic methodologies, making comparisons challenging.
In order to address this problem, IGME was formed in 1994 to provide a uniform source of estimation for child mortality, and has produced sex-disaggregated data since the publication of UN' s Sex Differentials in Childhood Mortality in 2011. This marks a significant advance towards profiling and subsequently tackling the issue of gender inequities in child health and mortality.
However, there is a need for more and better quality evidence on the role of gender in child health achievements both globally and regionally. Identifying and incorporating indicators beyond generic health and disease outcomes by sex is crucial to understand how to modify the impact of gender based discrimination. Disaggregated data that incorporates age, region within a country, wealth and education of the family are important covariates to be studied in relation to gender when looking at child health care access and outcomes. Fostering research in gender inequality in child health is essential to allow for a more detailed analysis to characterise the precise scale and nature of the inequity and to make a substantial stab at the problem.
Biological sex differences
There is evidence in the literature to suggest that females have a biological advantage in survival over males up to age 5 years, but especially in the 1st year of life, due to being less vulnerable to congenital disease, infection, and perinatal illness including perinatal trauma, intrauterine hypoxia, birth asphyxia, prematurity, neonatal tetanus and acute respiratory distress syndrome [6] . The survival advantage for girls tends to increase as total mortality levels for a country decrease and this is postulated to be associated with distributions in the causes of death [7] . In developed countries, infectious diseases account for a lower number of causes of death and perinatal, congenital and external causes form a larger proportion of deaths between ages 1-5. Therefore, the female advantage in child mortality would increase asRenewed efforts are needed to ensure that gender equity is achieved in child health globally. Countries with excess female child mortality should be prioritized in these efforts.
Photo: Courtesy of Indrani Kashyap, personal collection suming that there is no health discrimination based on sex [8, 9] .
With these expected biological advantages taken into consideration, can we profile which countries have the worst records for gender inequity for under-five (U5) mortality?
Post-Alkema: Using estimated-expected mortality ratios
We have profiled the excess U5 mortality using the data from Alkema et al., which has updated Sawyer' s model [2] , to look at excess female mortality using a novel method of estimated-to-expected mortality ratios [3] . Using a Bayesian hierarchical time series approach, Alkema et al. estimate country-specific mortality sex ratios for infants and U5 children for 195 countries from 1990 to 2012. They simultaneously assess the relationship of these mortality estimates with population sex ratios to highlight the expected and the excess female mortality rates in countries with outlying sex ratios. The authors identified 15 countries with outlying U5 sex ratios, and among these, 10 had higher than expected female mortality in 2012. For the majority of these countries the excess female mortality decreased since 1990; however, the estimated-to-expected female mortality did not change substantially for most countries except in India, where they worsened. Table 1 shows the 10 countries that had higher than expected U5 female mortality; namely, Afghanistan, Bahrain, Bangladesh, China, Egypt, India, Iran, Jordan, Nepal, and Pakistan. We included in this table the ratio of estimated-to-expected female mortality rate, the number of excess female mortality for U5s and ratio of excess female deaths to total number of deaths (%). Countries are ranked in order of highest number of excess deaths ( Table 1 ). India appears as the top country in terms of excess female U5 deaths.
Clearly, however, as Alkema et al. state [3] , the monitoring of sex differences in U5 mortality is complicated by variability in data availability, quality (usage and often non-usage of standard errors or uncertainty intervals), changes in country specific sex differentials over time, and validation of estimates. These findings reinforce our original point for the need of better and standardised data for all countries when it comes to gender inequality analysis in child health estimates.
ISSUES IN INDIA: A BRIEF OVERVIEW
Globally, India has the largest number of child deaths and possesses significant regional variations in U5 mortality [10] . It accounts for the largest burden of excess female deaths than any other country in the world (Figure 1) . The 2011 Indian census estimated that there were approximately 7.1 million fewer females than males aged 0-6 years, which was an increase from 6 million recorded in the 2001 census and 4.2 million in the 1991 census [11] . In fact, females between 1-59 months in every region in India had higher mortality compared to males [12] . Ram et al. showed significant regional variations in U5 mortality and through detailed analysis showed that the nine poorest states contained half of all people in India and just over half of all births but 71% (1 million of the 1.5 million) of deaths in children U5, highlighting the added level of regional complexity to existing gender disparities which needs to be considered for a national strategy [10] .
The biggest contributor to gender imbalance in children aged 0-6 in India is likely to be prenatal sex determination with subsequent abortion of female fetuses; a practice which has increased substantially in the past 2 decades [11] . Nevertheless, there is extensive literature which also demonstrates a clear female disadvantage in health care provision and disease outcomes. For example, female children are less likely to be immunized, receive medical attention, receive appropriate antibiotic therapy or achieve good nutrition [13] [14] [15] . Therefore, to tackle gender discrimination in child health, a two-pronged approach is critical to success, addressing sex determination pre-birth and tackling discrimination in health access, preventive health and nutrition after birth.
Das Gupta et al. have argued that disparities in child health outcomes are mainly a result of a society which values its sons far over and above, and at the cost of its daughters [16] . This is a phenomenon deeply rooted in cultural, legal, social and historical reasons; hence there is a critical need for cross-disciplinary studies to help explain the gen- *Adapted from Alkema et al. [3] . U5 mortality is defined as the probability of dying between birth and the exact age of 5 y. Sex ratio is defined as number of males per 100 females in the population, usually normalized to 100.
der disparities in India and guide the development of gender sensitive solutions within health care and beyond.
The government has an important role to play. Previous policies have failed to be fully effectual, and efforts to ban the sex selective abortion of females has been limited by poor implementation at the state and local level [17] [18] [19] .
More recently, the Government has shifted the focus to small administrative areas through the National Rural Health Mission launched in 2005 [20] and more recently the National Urban Health Mission [21] . Ram et al. have estimated that at current rates of progress MDG4 will be achieved by India in 2020, by richer states in 2014, and by poorer states in 2023 [10] . Clearly, there is a still long way to go. More efforts are needed to ensure that greater gender equality is achieved in reaching these targets across all regions in India; work that incorporates better data and research, more collaboration across sectors and agencies, and strong and effectual government policies that are based on evidence.
CHALLENGES AND RECOMMENDATIONS FOR FUTURE WORK
There is a wide scope for future work into gender and child health. It is not only an important area of research, but also at present, an under-appreciated one. In particular, we have highlighted the need for progress in India, which has the largest number of excess female mortality and is home to one fifth of all children in the world (Figure 1) .
The need for better quality data and research in child health and gender is unquestionable [22] . The global scientific community has a central role to play in the efforts to unmask, characterise, and explain the issues in a language that makes sense to governments and the international community; this is at the core of helping governments and international organisations to implement evidence based policies and programmes. Indeed, if gender is to be mainstreamed as a determinant of child health, future country achievement The bubble chart was created using UNICEF statistics and data from Alkema et al. [3] to demonstrate the 10 countries with outlying U5 sex ratios and higher than expected excess female U5 mortality. Countries are ranked in order of highest ratio of excess female U5 mortality to total number of U5 mortality. The size of the bubble corresponds to the total U5 population in each country, emphasizing the importance of addressing gender issues in child health in countries with large child populations. Source: UNICEF statistics, available at http://data.unicef.org/resources.
profiles should require all nations to highlight sex disparities in mortality and coverage of life saving interventions. As the evidence in India highlights, there are two key time points in gender bias; pre-birth and post birth. More studies are needed to look at both prenatal sex determination and health access and outcomes in children.
Gender is commonly thought to be a development problem and therefore, tackling development issues such as poverty and education, could be seen as a good response to gender discrimination in child health care. However, studies in India have demonstrated that gender based discrimination against women has deep social and cultural roots and relates to family organisation norms [23, 24] . There is evidence that gender bias against girls has become so deeply-rooted in some South Asian countries, and that it persists or worsens in more educated and richer families, compared to those who are poorer and less educated [25] . In the last two decades, both biomedical and social researchers have collected and analyzed evidence on different aspects of sex differentials in mortality especially in children. However, there is still a need for a more comprehensive model explaining these differentials and including the biological, social, cultural and economic factors. Further research, which incorporates the determinants of health, could help tackle discrimination against girls in different contexts [22] .
Gender inequity in child health is certainly an important global health issue that requires a global solution. Addressing gender bias in child health formally in a post-2015 development agenda would give greater impetus for a more effectual and coordinated global effort to invest, address, and make progress to reduce the inequity. Indeed, when future improvements in health outcomes for children are made globally in the post-MDG era, they should be recognized for being equitable as they are now for reaching total targets. 
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